Objective-To use transthoracic Doppler echocardiography to assess coronary blood flow non-invasively in patients with hypertrophic cardiomyopathy. Design-High frequency transthoracic Doppler echocardiography was used to assess resting phasic coronary velocity patterns in patients with hypertrophic cardiomyopathy and to define the relation between coronary flow patterns and clinical, echocardiographic, and haemodynamic manifestations of this condition. Patients with hypertrophic cardiomyopathy commonly have evidence of myocardial ischaemia despite angiographically normal coronary arteries. Alterations of the coronary circulation have been described in left ventricular hypertrophy and proposed as a mechanism for the development of angina pectoris in these patients. Invasive studies have described a reduced cardiac reserve in patients with left ventricular hypertrophy secondary to many conditions, including aortic stenosis, systemic hypertension, and hypertrophic cardiomyopathy.' 5 There are few data available on coronary blood flow in unsedated patients with hypertrophic cardiomyopathy. Transthoracic echocardiography allows non-invasive evaluation of coronary flow patterns in the distal segment of the left anterior descending coronary artery (LAD).6 In the present study transthoracic echocardiography was used to assess phasic coronary velocity patterns in patients with hypertrophic cardiomyopathy and to define the relation between coronary flow patterns and clinical and haemodynamic manifestations of this condition.
Patients with hypertrophic cardiomyopathy commonly have evidence of myocardial ischaemia despite angiographically normal coronary arteries. Alterations of the coronary circulation have been described in left ventricular hypertrophy and proposed as a mechanism for the development of angina pectoris in these patients. Invasive studies have described a reduced cardiac reserve in patients with left ventricular hypertrophy secondary to many conditions, including aortic stenosis, systemic hypertension, and hypertrophic cardiomyopathy. ' 5 There are few data available on coronary blood flow in unsedated patients with hypertrophic cardiomyopathy. Transthoracic echocardiography allows non-invasive evaluation of coronary flow patterns in the distal segment of the left anterior descending coronary artery (LAD).6 In the present study transthoracic echocardiography was used to assess phasic coronary velocity patterns in patients with hypertrophic cardiomyopathy and to define the relation between coronary flow patterns and clinical and haemodynamic manifestations of this condition.
Methods

PATIENTS
Fifteen patients (10 men and five women, mean (SD) age 49 (10 3) years) admitted to hospital for assessment of hypertrophic cardiomyopathy were studied. The patients were selected from a group of 21 Table 1 shows patient characteristics. All patients with hypertrophic cardiomyopathy had significant thickening of the left ventricular septum compared with that of the control group (2-7 (0 5) cm v 0-8 (0 2) cm, P < 0-01). AT, acceleration time; DT, deceleration time; HR, heart rate; Pd, diastolic peak velocity; Ps, systolic peak velocity; VTId, diastolic velocity time integral; VTIs, systolic velocity time integral.
velocity and the severity of the intraventricular gradient or between systolic peak velocity and septal thickness.
Discussion
In this study a non-invasive echocardiographic technique was used to assess coronary blood velocity patterns in patients with hypertrophic cardiomyopathy. Patients with this condition had reduced or reversed systolic peak blood velocity and velocity time integral compared with that of the controls. There was no overall effect on peak velocity during diastole but the velocity profile was broadened showing a slower upstroke to peak velocity and also a slower downstroke back to baseline at the end of diastole. There were no significant differences between those with and without symptoms or a left ventricular outflow tract gradient. Hypertrophic cardiomyopathy in the presence of angiographically normal coronary arteries is frequently accompanied by clinical and histological findings suggestive of myocardial ischaemia regardless of the presence or absence of left ventricular outflow tract obstruction.'2-'4 Evidence has been found of impaired regional left ventricular function at rest by echocardiography and of reversible exercise induced defects in myocardial perfusion by thallium-201 imaging.'5 16 Postmortem examination has shown myocardial fibrosis, left ventricular necrosis, and transmural scarring. '2 17 Abnormalities in coronary flow dynamics, in the absence of coronary artery stenosis, have been proposed as a mechanism for the development of myocardial ischaemia in patients with hypertrophic cardiomyopathy. A 23 25 These coronary vascular abnormalities may affect coronary reserve and resting blood flow.
There are few data available on phasic coronary flow dynamics in hypertrophic cardiomyopathy. Memmola et al'9 measured coronary reserve in the proximal LAD of 10 patients with obstructive hypertrophic cardiomyopathy by transoesophageal echocardiography. All patients were symptomatic and had an intraventricular pressure gradient. Systolic flow was reduced and reversed flow occurred in three patients. Coronary flow reserve was inversely correlated with the baseline intraventricular gradient. The results of our study extend these observations to a larger group of patients with hypertrophic cardiomyopathy. There was no significant difference between patients with or without symptoms or an outflow tract gradient. Abnormalities of systolic and diastolic flow were found in both groups compared with normal controls. There was no relation between phasic flow abnormalities and those with symptoms or an outflow tract gradient.
Most blood flow in normal coronary arteries occurs during diastole as myocardial compression during systole increases distal vascular resistance.26 27 This biphasic diastolic predominant blood velocity pattern was found in all controls and patients with hypertrophic cardiomyopathy. The reduction and reversal in systolic flow velocity and alterations in the diastolic velocity pattern in the hypertrophic cardiomyopathy group may be a result of several contributory factors. Firstly, the abnormally increased intramyocardial pressure that occurs during systole may lead to increased coronary arterial resistance. Reversed blood flow in the normal heart occurs during systole in intramural coronary arteries probably because of the high extravascular pressure generated during cardiac contraction. 28 Animal studies have reported exaggeration of this reversed systolic flow velocity by increasing the extravascular pressure.28 Systolic compression of large intramural vessels or abnormally narrowed small intramural coronary arteries in patients with hypertrophic cardiomyopathy may produce functionally important increases in coronary vascular resistance, leading to augmented backward flow into the epicardial arteries. 2425 Secondly, it has been postulated that the epicardial arteries act as capacitance vessels.2629 Under normal conditions these vessels are very compliant, two to three times that of similarly sized systemic arteries. They can undergo up to a 5% change in diameter over the cardiac cycle.303' The epicardial arteries in patients with hypertrophic cardiomyopathy are dilated so the maximum capacitance effect may be reduced.32 This would cause a reduction in the "charging" effect during systole, which would in turn cause a reduction in "discharging" of blood from the vessel during diastole. This mechanism may also contribute to the abnormal flow patterns observed during systole and diastole in this study.
Thirdly, left ventricular diastolic dysfunction is a common finding in patients with hypertrophic cardiomyopathy."3 Coronary blood velocity patterns may be affected by prolonged asynchronous relaxation due to myocardial fibre disarray.3435
All these abnormalities may be present in patients with hypertrophic cardiomyopathy regardless of the presence or absence of a left ventricular outflow tract gradient and may explain in part the lack of a correlation between abnormal phasic coronary velocities and outflow tract obstruction. Blood velocity patterns at rest have also been found in patients with hypertrophy due to aortic stenosis and hypertension. It has been reported that reversed systolic flow in patients with hypertrophy due to aortic stenosis normalised within one week after aortic valve replacement without significant change in the degree of hypertrophy.5 21 By contrast, systolic and diastolic peak velocities were increased in patients with hypertrophy due to hypertension. '6 This suggests that different mechanisms may affect blood velocity profiles depending on the cause of ventricular hypertrophy.
LIMITATIONS
The echocardiographic technique described here allows non-invasive assessment of phasic blood velocity profiles. The methods has satisfactory interobserver and intraobserver variability.9 However, it allows assessment of blood flow only in the LAD. Therefore regional differences in coronary flow in patients with non-uniform myocardial abnormalities, such as coronary artery disease or hypertrophic cardiomyopathy, cannot be compared.
Echocardiographic detection of the LAD is variable (30-80% 
